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Editorial Note

To facilitate presentation, review, and perusal of the large quantity of observations and data generated
under Task OrdeM16PD00®5, the task order deliverable was divided into the following four standalone
documents:

1. Field Observations during Wind Turbine Installation at the Block Island Wind Farm, Rhode
Island (BOEM 2019-027)i1 reports on the methods, observations, data analyses, results, and
conclusions from environment al monitoring conduc
Program during thassemblyf the wind turbine generator components (turbine towers, nacelles,
and bladek

2. Field Observations during Wind Turbine Operations at the Block Island Wind Farm, Rhode
Island (BOEM 2019-028)1 reports on the methods, data analyses, results, observatidns,
conclusions from environment al monitoring conduc
Program durindurbine operations

3. Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode Island
(BOEM 2019-029) i reports on the methodshgervations, results, and conclusions from additional
anal yses of underwater acoustic monitoring data
thepile driving for securing the turbine foundations to the seabed

4. Benthic Monitoring During Wind Turbine Installation and Operation at the Block Island Wind
Farm, Rhode Island (BOEM 2018047)i Published in 2018, this report presented the methods, data
analyses, results, observations, and conclusions from benthic monitoring conducted in 2017 and 2018
attheB ock I sl and Wind Farm (Bl WF) under BOEMb6s ROI



Executive Summary

This report presents methods, data analysesiesultst r om t he Bur eau of Ocean
RealTime Opportunity for Development Environmental ObservatiBregram environmental

monitoring conductedithin the Block Island Wind Farm Project Area during wind turbine operations.
Visual observations dhe operating turbines, airborne noise monitoring, antttwater sound

monitoring were conductédey results and conclusions from these monitoring surveys are summarized
below.

Visual Observations

The operating turbines were observed from various onshore and offshore lodatingdaytime,
nighttime, arl variousweather conditiondey conclusions are as follows:

f During daytime and under clear weather conditions, the turbines are noticeably visible from the
Southeast Lighthouse shoreline on Block Is|amliich isapproximatelyd.6 kilometers km; 2.83
miles [mi]) away.

I During daytime and under foggy conditions, the turbines and its lights cannot be seen from
approximately 4.6 km (2.83 maway.

f  From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible
with the nakeaye during the day and at night.

' Neither the island nor the turbines are visible from Point Judith under foggy conditions.

I During daytime, Block Island is barely visible from Brenton State Park, which is located
approximately38.28 km (23.79 mijrom theturbines and the turbines cannot be seen with the
naked eye.

f  On a clear night, however, the turbine lights are visible from Brenton State Park.

f Offshore, at nighttime and under clear skies, the turbine lights are visible with the naked eye up to
43.05 km 26.75 mi). The lights cannot be seen even with binoculars on a clear night at an
offshore distance of 44.3 km (27.5 mi).

Overall, visibility of the turbines from land and watkrring the dayvasstrongly dependent upon
weather conditions and distance.mght the turbine lightsouldbe seen on a clearght from as far
away as 43.08m (26.75 mi).

Airborne Noise Monitoring

Continuous airborne noise monitoring was conducted at an onshore location on Block Island over a three
month (8 February to 28 May 20) period to record noise levels emanating from the turbine operations.
Measurements were also recorded from a survey vessel at selected offshore locations in the vicinity of the
turbines Results from the data analyses indicated that airborne noiseHectrbine operations was not
detected at the onshore monitoring station on Block Island at any time duringwieelstof monitoring
andairborne noise levels in the vicinity of the turbines were low. Noise levels were sampuledilé&ls

(dB) Equivalent Continuous Sound Pressure LéiAkg),1 m at 50 meters (m) from the turbine tower,

and even this level of noise appears to be significantly influenced by natural ambient noise. In isolation,
the airborne noise from turbine operations woulddss than the 65 dB LAegm.

* During theBlock Island Wind Farnoperational phasesediment samples from the seabed also werectedleand
analysed for changes in abundance and diversitiyenthic organismsesults from the benthic assessment are
reported in an accompanying document entitBdnthic Monitoring During Wind Turbine Installation and
Operation at the Block Island Wirkarm, Rhode IslandDCS BOEM 201847 (HDR 2019d).
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The lack ofdetectedhirborne noisérom the operating turbineturing high output periodslsomaybe
partially attributabléo an increase in onshdoackground noise lev&from rustling of vegetation caused
by the high winls that are responsible for reased output from the turbind$e overall conclusion

from the operational phase airborne noise monitoring is thatas part of a risk mitigation plan, this
type of monitoring could be bypassed for future facilities

Underwater Sound Monitoring

Underwater eoustic and seismic signals were measured and recorded during winter (20 December 2016
to 7 January 2017) and late summer (2 October to 3 November 2017) conthtiadition, extended
underwater acoustic monitorirdgsowas conducted over 100 days during summer 2017 (15 July to 24
October 2017)Several different kinds of monitoring systems were deployemhitdring was conducted

at different depths and ranges, for varying durations, and at different times of thegethetodata for
evaluation of spatial, temporal, and seasonal differefRageational fishing activity was observed each
time the site was visited.

The acoustic data were analyzed for level, frequency content, and temporal prdpeltigisng

impulsiveness. Concurrent oceanographic and geologic conditions were also measured during monitoring
and incorporated into the data analyses and conclusintike the construction phase monitoring during
which sensors could only be placed alggheU.S. Coast Guardstablished57.2m (1,500 &4 or 500

yards) safety zone around each foundation diteng the operational phase acoustic measurements were
recordecht 50 to 100m (164 to 328.1 feet) and beyond from selected turbine foundations

Results from thavinter 2016 andummer 2017 shottierm monitoring indicated thabsndlevels
emanating from the operating turbingsrelowerthan expected artimarily consisted of one or more
low-frequency, modulated tonals at or aboveHedtz Hz).

Theshorttermwinter monitoring period was marked by stormy weatiiriring calm periods between
storms, sound suspected to be frwind turbine generatofYTG) 5 was measured as a modulated
sinusoidal signal approximately71l Hz Lower levelspectral lines were also recorded, but these lower
measurements could not be conclusively attributed to turbine operdtmsound speed profile was
almost constant throughout the water catutiiring the measurement peri&iirface wave heights

peaked tapproximatelyp m during the stormy winter measurement period mixing the water column and
causing the sound speed profile to be isoveldcitystant sound spee®ther sources of sound
measured included vocalizations from fin whales and humpback whatifsom shipping.Measured
particle velocities were below the threshold of some of the fishes for which audiograms are available.
Overall, sound pressure levels measured in winter during turbine operations were lower than those
recorded during the comattion phase.

Results from the shetermlate summemonitoring indicated thatnderwater sound between
approximately70Hz and 12z was recorded in the water coluron all four channelsf a vertical line
arrayplaced 100 m away from WTG Simultan®us @ noise measurements also showed tonals near 71
Hz indicating that the source of the operational sound from the wind turbines may be due to aero
dynamical sourcegcoustic sgnalslessthan40Hz were also recorded; these are most likely attribatabl
to mooring noise due to windy events dngh currents A large increase isound was recordeafter23
October this ismostlikely caused by storm&imilar to the winter measurements, the sound speed profile
in summer was almost a constant throughioeitwater column, but the speed was hidlezrause of

warmer waters.

Data also indicated that numerous vessels transited the survey area during the monitoringgrad®d.

were also measured on the bottom mounted hydrophoresated with thegeophonesStatistical

analyses indicated that the mean sound levels were independent of wind turbine location except for larger
variability near WTGL likely due to incresed shipping near that turbirfearticle velocities measured in



late summer were higgr than measured during the winter 2016 measuremidm@ssignals were still
below the threshold of some of the fishes for which audiograms are avaablall, sound pressure
levels measured in late summer during turbine operations were lower tsané¢borded during the
construction phase

Extendedunderwater acousticanitoringwas also conducted durisgmmer2017 using a stationary
hydrophone locatefi0 m (164 &€) south ofWTG 5. Datawere sampled continuously over 100 days
betweenl5 July and24 October Over the 10@lay monitoring periodsoundlevels were sampled for all
typical turbine operating and weather conditions, from calm and still to wind speeds of upéte?3
per secondm/s), in excess of the speed required to drive the turtoitee at maximum speed
(approximately 12evolutions per minutepm]). Wind speeds over ghmonitoringperiod ranged from
flat calm to 22 m/s and a maximum rotor speed of 11 rpm.

Operational data for the turbinéstational speed for the turbinegind speedand winddirection

concurrent with the monitoring period were obtained from Deepwater Windsaadinthe analysesthe
operational data indicatedatfrom the turbine cuin to maximum speeds mpm (approximately 3 to 12

rpm) and wind speed im/s tracked closely under normal operation, such that at wind speeds of 5 m/s the
rotation speed was 5 rpm, at 9 m/s the rotation was 9efem

Monitoring data aalysk indicatedhat in generalunderwater noise produced liye operating turbines
lineaty increased with the wind speed. Strong anthropogenic noise contributions were detected at
approximately 12 Hz, and multiples thereof, and the noise from the operational turbine exceeded the
ambient noise, caused by wind and sea stdtee monitoring dcation.

Substantial tonal sound was detected at thkilbbertz kHz)and 20 kHz ™requentyave cent
bands, which varied little throughout the monitoring period. The source of this sound is unknown, but the
fluctuations in the levels (1 dB) do tncorrelate with wind speedhis tonal sound was not detected in

verification measurements using different equipment, so is most likely to be gengrétedhionitoring

system itself.

The noise emissions produced by Bi#/F turbines (which are not equiged with a gear boxJid not

have the tonal characteristics of wind turbimeEurope which aregenerallyassociated with mechanical
systems within the device thatetypically souce of noise, such as a gearbottoB8g tones at 10 kHz and
20 kHz werealsoidentifiedduring the monitoring; but theource othese higher frequency tones could
notbe determined. Follow oneasurements with different equipmeid dot replicate these tones aihd

is hypothesized that these higher frequencies may be assoei#tielectrical noise in the monitoring
equipment. In the absence of these tones and most other underwater noise contamination (e.g. from
passing vessels), the average underwater noise at 50 m from the turbine wasad8dipressure level
root mean gquarereferenced td micro Pascabver the survey duration.

Based on an analysis of data up to 8 kHz, it was concluded that undecas#sissumptions and using
the 2018 NMFS and Popper et al. (2014) noise impact thresholds, no risk of temporaryaoeperm
hearing damageérmanent threshold shift or temporary threshold)stdftild be projected even if the
receptor remained in the water at 5@1r64 ft) from the turbine for a full 24hour period

The overall conclusion from the operational phasenderwater acoustic monitoring is that given the
1) low levels of sound recorded by the various sensors under differing environmental and weather
conditions and 2) very low probability of these low levels causing potential harm to fish and marine
mammals, operational phase underwater acoustic monitoring may not provide much additional
value for future facilities. As part of a risk mitigation plan, this monitoring phase could be
bypassed



Thedata,results, and conclusiomsesented in this repontere geneatedfor the Bureau of Ocean Energy
Managemenby the HDRRealTime Opportunity for Development Environmental Observatibesm
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1 Introduction

This report presents methods, data, observations, resutgonclusionffom reattime environmental
monitoring surveys conducted in and aroundBleek Island Wind FarmEIWF) Project AregFigure
1) duringwind turbine operation&/isual observations of the operating turbines, airborne noise
monitoring, and underwater sound monitoring weggformed The monitoring was conducted undbe
Bureau of Ocean HEBOEMO)IReatVimenCppoeumgfor Devesopment
EnvironmenthObservations (RODEProgram.

1.1 The RODEO Program

The purpose aihe RODEOProgram is to make direct, re@he measurements of the nature, intensity,

and duration of potential stressors during the construction and initial operations of selected proposed
offshore wind facilities. The purpose also includes recording direct observations during the testing of
different types of equipment that may be used during future offshore development to measure or monitor
activities and their impagiroducing factors.

BOEM conducts environmental reviews, including National Environmental Policy Act analyses and
compliance documents for each major stage of energy development planning which includes leasing, site
assessment, construction, operations, and decommissiohiege @nalyses include) identification of

impact producing factors (stressors) and receptors such as marine mammals and seafloor (benthic)
habitats, and 2) evaluation of potential environmental impacts from the proposed offshore wind
development activiis on human, coastal, and marine environments. The analyses require estimations of
impactproducing factors such as noise and the effects from the stressor on the ecosystem or receptors.
Describing the impagbroducing factors requires knowledge or estanaif the duration, nature, and

extent of the impaegenerating activityBecausehere have been no offshore facilities constructed in the
United Stategrior to BIWF, model predictions will besedprimarily to forecast likely impacts from

future projecs.

The RODEO Program data may be used by BOEM as inputs to analyses or models that evaluate the

effects or impacts from future offshore wind turbine construction and operations, as well as facilitate
operational planning that would reduce potential imptictie greatest extent possible. The

understanding and insights gained from the BIWF monitoring program data analyses will help BOEM to
identify, reduce, and mitigate environmental risks in the future, and significantly increase the efficiency
andefficag of BOEMOG6s regul atory review prUnieeSases f or of f
Finally, data collected by the BIWF monitoring program will support prioritization of future monitoring

efforts and risk retirement. For example, if th8\B monitoring data indicate that likelihood of impacts

from a particular project development phase is low or inconsequential, then suchnpénaisesbe

monitored during future projects.

It is important to note that the RODHE®ogram is not intended to duplicatesabstitute for any

monitoring that may otherwise be required to be conducted by the developers of the proposed projects.
Therefore, RODEO monitoring was limited to selected parameters Atdg, RODEO Program

monitoring is coordinated with the industipd is not intended to interfere with or result in delay of
industry activities.

The BIWF is the first facility to be monitored under the RODEO Progidihmonitoring surveys were
implemented in amrdance with a prapproved Field Samplingdh, which included a projespecific
Health andSafetyPlan (Appendix A). Table lidentifies the types of field data collected under the
RODEO Program during construction and/or initial operations of this facility.
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Table 1. RODEO Program monitoring conducted at the BIWF.

Phase Key Activities
Construction 1 Steel jacket foundations
Phase 1 were installed on the

seabed using two different
types of hammers. Both
derrick barges and a lift
boat were used as
construction platforms.
Piles were installed with a
13.27° rake from the

vertical.
Construction 1 WTGs were installed on
Phase 2 the steel foundations.

Dates

26 Julyi 26
October 2015.

3 Augusti 18
August 2016.

Monitoring Surveys

I Visual observations and
documentation of the construction
activities.

| Airborne noise monitoring
associated with pile driving.

1 Underwater sound monitoring
associated with pile driving.

1 Seabed sediment disturbance and
recovery monitoring through
bathymetry surveys conducted
immediately after construction was
completed and in approximately
3-month intervals for one year.

| Turbine platform scour monitoring
through installation of two scour
monitoring devices on selected
WTG foundations.

1 An Acoustic Wave and Current
Profiler was also deployed within
the project area.

1 Airborne noise monitoring.

1 Visual observations and
documentation of activities.

Comment

Results, conclusions and
recommendations from
Construction Phase 1
monitoring were presented in
the reporFeldent i
Observations during Wind
Turbine Foundation
Installation at the Block Island
Wind Farm, Rhode Island.
Final Report to the U.S.
Department of the Interior,
Bureau of Ocean Energy
Management, Office of
Renewable Energy Programs,
OCS Study BOEM 2018-029
(HDR 2018a). 0

Results, findings, conclusions,
and recommendations from
the Phase 2 Construction
Monitoring are presented in
the reporHReldent i
Observations During Wind
Turbine Installation at the
Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-027 (HDR
2019a). o



Phase Key Activities

1 Submarine transmission
power cables connecting
Block Island and mainland
were laid using a jet
plowing in the offshore
portions and horizontal
directional drilling in the
near shore area.

Operational
Phase

1 Testing of the newly
installed turbines.

1 Testing of the submarine
transmission power
cables.

1 Facility operations.

Dates

3 Junei 26 June
2016.

Operational testing
conducted from 29
Augusti 30
November 2016.

wind farm
operation began
on 2 December
2016.

Monitoring Surveys

{ Visual observations and
documentation of the cable laying
activities and of turbine installation
from both on shore and off shore
locations.

1 Still photography and filming of
portions of trenching operations for
cable laying.

| Seabed sediment disturbance
monitoring.

1 Post-construction seabed recovery
through bathymetry surveys.

1 Visual observations of the
operational wind farm from on shore
and off shore locations at varying
distances.

{ Airborne noise monitoring.
f Underwater sound monitoring.

i Seabed sediment disturbance and
recovery monitoring.

| Benthic monitoring.

Comment

For details see report entitled:
fObserving Cable Laying and
Particle Settlement During the
Construction of the Block
Island Wind Farm. Final
Report to the U.S. Department
of the Interior, Bureau of
Ocean Energy Management,
Office of Renewable Energy
Programs, OCS Study BOEM
2017-027 (Elliot et al. 2017).

Results, conclusions, and
recommendations from
monitoring conducted during
turbine operations are
presented in an accompanying
report entitled: fiield
Observations during Wind
Turbine Operations at the
Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-028 (HDR
2019b) . 0

Results, conclusions, and
recommendations from this
monitoring are presented in an
accompanying report entitled:
fiBenthic Monitoring During
Wind Turbine Installation and
Operation at the Block Island
Wind Farm, Rhode Island,
OCS Study, BOEM 2018-047
(HDR 2018b) . 0o



Phase

Follow-on Data
Analyses

Key Activities
1 Additional in-depth
analyses were conducted
using data collected
during construction Phase
1.

Dates

28 Julyi 31
December 2019

Monitoring Surveys

1 No field surveys. Only desk-top data
analyses and preliminary 3-
dimensional modeling with were
conducted during this phase.

Comment

Results, finding, conclusions
and recommendations from
the additional data analyses
are presented in an
accompanying report entitled:
fiunderwater Acoustic
Monitoring Data Analyses for
the Block Island Wind Farm,
Rhode Island, OCS Study
BOEM 2019-029 (HDR
2019c) . o0



1.2 The Block Island Wind Farm

The BIWF is the first offshore wind farm the United States, located 4.5 kilometers (km) (2.8 mi [mi])

from Block Island, Rhode Island. Water depth in the wind farm area is approximately 30 meters (m) (98.4
feet [ft]). The fiveturbine, 3Bmegawatt facility is owned and operated by Deepwater \Biadk Island,

LLC. Power from the turbines is transmitted to Block Island. A 32 km (19.9 mi) transmission submarine
power cable transfers excess power from Block Island to the mainland. This cable is buried under the
ocean floor and makes landfall on thainland, north of Scarborough Beach at Narragansett.

BIWF construction began in July 2015, and was conducted in a phased manner through November 2016.
During the first phase, five turbine foundations were installed on the seabed from 26 July to 26 October
2015. These turbines were designated as wind turbine generator (WTG) 1 to WTG 5. Unlike in Europe
where the majority of the offshore wind turbines have monopile foundations, the BIWF turbine
foundations consist of a folegged jacket structure, whichtalored to accommodate the complex
aerodynamic and hydrodynamic loading of deep waters. The four legs of the jacket structure are raked at
an angle of 13.27° to the vertical.

Phase 2 construction was completed in two steps. In Step 1, which was initizaedary 2016,

submarine power cables were laid on the seabed. In Step 2, which was conducted ovesektpariod

in August 2016, a turbine tower, a nacelle, and three blades were assembled on each of the five WTG
transition decks. During this assdmtihe first of three turbine tower sections was bolted in place on

each transition deck and then the other two sections were sequentially placed on top of the first section. A
nacelle was then connected to the top of the tower and three blades wéesliastthe nacelle.

Operational testing of the facility was conducted from August through November 2016, and the initial
operations commenced on 2 December 2016.

1.3 BIWF Operational Phase Monitoring

Operational testing was conductadthe wind farm fronugust through November 2016, and fheility
began commercial operatioos 2 December 2018he following types of monitoring were conducted
under the RODEO Program during the BIWF operational phase:

1. onshore and offshore visual observations

2. onshore and offshore airborne noise monitoring

3. short and longterm underwater sound monitoring

4. benthic and epifouling monitorirfg

Monitoring methods, data, results, and observations from the first three types of momitenmgsented
in this document

1.4 Report Organization

Key results, major observations, and conclusions from each type of environmental moondodogted
during turbine operatiorare summarized in individual sections in this repifiiere applicable aw data
and detailed discussion®in the monitoring are contained in technical reports, which are provided as
digital appendices to this summary report:

2 The results from this monitoring are presented in an accompadgtgnene n t i Behtld@cdvioriitoring During
Wind Turbine Installation and Operation at the Block Island Wind Farm, Rhode 8288 Sidy BOEM 2018
047 (HDR 2019).
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f Section 1lpreserd an overview of the BIWF Facility and the RODEO Program and inslade
summary description of tH&lWF operations.

f  Section 2describes methodmdkey pointsfrom the onshore and offshore visoéiservations of
the operating turbines

I Section 3contains a description of tireethods, data analysessultsand observations from the
onshore and offshore airborne namenitoring.

f Section 4presents the methods, data analyses)lts,and observations from thanderwater
acoustic monitoring.

f Section 5lists references cited in the report.

2 Visual Monitoring

The purpose of theperational phase visual monitorimgs todocument visibility othe operating

turbines fromselected onshomnd offshordocationsunder varying conditions and at different timak.
field activities were conducted in accordance with a B@roved-ield Sampling Planwhich

included a projeespecific Health and Safety Plafigpendix A). Visual observations were recorded by a
teamof two observers over five-day period (190 23 June 20170nsite training was conducted by the
Field Team Leadeat the start of the field effotb ensure consistency in describing activities and
recording observations by the observers.

The observations were recorded frim followingthreestrategicallyselected onshore locatiorfsdure
2):
f  The Southeast Lighthousehich is locatedpproximagly 4.6 km(2.83mi) from the turbines
f  Point Judith, located approximately 26.32 km (16.35 mi) from the turbines
f  Brenton Point State Parwhich is located approximately 38.28 km (23.79 mi) away.

Data wererecorded daily at early morning, mthy, late aernoon, anét night @pproximately 1 hour

after sunsét The nighttime shoreline observations were intended to record and characterize the turbine
associated lighting visible from shoreline. In addition to the-posset shoreline observations, onentbu

of offshore observatioralsowere conducted on a clear night from a locahgrtered fishing vessel, the

F/V Hula Dog to determine how far from the turbines the lights were visifikr sunset

During daytime and nighttime, shoreline observatiomduded taking a series of photographs from a

fixed location, at the same angle, using a constant zoom setting with artripoded camera setup

addition, a vessel was used to determine fasweffshorethe turbine lightgould be seen at nightor

this assessment, photographs of the turbivee taken from theurveyvessel as it travelled away from

the facility until the lights were no longer visible. Video recordings were made as necessary to document
unusual sightings or infrequent occurrescVisual monitoring field logs and meteorological conditions
affecting the visibility of the turbines are shownfippendix B.

During each recording event, a set of still photographs andrbgghution video ofhe operatindurbines
wererecorded fronthe monitoring location using a Canon 5D Mark 11l camera with-a&7Q0G

millimeter (mm) telephoto lersnd Canon 7D with a 140 400mm lens. The telephoto lens was wide
enough to capture ambient lighting and environmental conditions and had th#ityapfezooming in for

closer images. To ensure that photographs taken at different times could be compdrgdidieethe

same camera angle and a constant zoom setting was used, and the camera was mounted on a tripod to
maintain image consistencyhe 5-day monitoring period was characterized by a range of meteorological
conditions from heavy fog to clear days

Observations were recorded using a customized iPad applicatioy hich was specially created for
this project using the database platid-ileMaker Go. A screenshot of the iPad app input screen is shown

11



in Figure 3. The app was fieltested prior tdield monitoring and standardized data entry procedures
were used for data entry to ensure consistency among field observers. Obsenehtaiolgraph and

then recorded the photograph frame number along with nbeegivity observed, time, and weather
conditions. Meteorological data recorded included wind direction, sea state, cloud cover, and humidity.
These data were verified, qualitijecked, edited if needed, and backed up on a dedicated hard drive at
the end of each day.

Balls

Poimt

Figure 2. Visual Monitoring Locations.
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Figure 3. Sample data log screen from the iPad App.

2.1 Observations
2.1.1 Southeast Lighthouse

The WTG coordinates and their distance from Southeast Lighthouse are listdddr?2. The lighthouse
is situated on top of Mohegan Bluff at the southeastern corner of the island at an elevation of
approximately 75 m (246 ft) above mean sea level andajppately4.6 km (2.83 miaway from the
wind farm. From the lighthouse grounds, the survey team had aucl@structediew of the turbines as
they were assembled on the foundations. Access to the lighthouse grounds was coevitindted
Southeast Ighthouse Foundation.

Clear weather prevailed on 22 June 2017. There was some cloud cover with a high temperature of 75
degrees Fahrenheit, humidity at approximately 84 percent with a slight southwest wind. Photographs of
the spinning turbines taken on tkiate are shown iRigures 4and5. Figure 6 shows a photograph
taken from Bl oc kwhictsi$ lecatetl foshsoGth al theHeary dodigure 7is anight

time photographyhich shows the navigational warning liglots WTG 3.
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Table 2. WTG coordinates and distance from Block Island.

WTG Latitud_e Longitu_de Distance from Block
(Deepwater Wind 2016) (Deepwater Wind 2016) Island
1 41°7 . 54606 N 71°30. 45106 4.55 km (2.83 mi)
2 41°7 . 19306 N 71°30. 83706 4.69 km (2.91 mi)
3 41°6. 88306 N 71°31.2706 4.81 km (2.99 mi)
4 41°6 . 60906 N 71°31. 74406 4.97 km (3.09 mi)
5 41°6. 38006 N 71°32. 25806 \ 5.17 km (3.21 mi)

Figure 4. WTG 3 as seen from the Southeast Lighthouse on a clear day (22 June 2017)
(Photograph taken with lowest camera focal length setting of 200 mm).

Figure 5. WTGs 4 and 5 seen from the Southeast Lighthouse on a clear day (22 June 2017)
(Photograph taken with lowest camera focal length setting of 200 mm).
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Figure 6. View of the turbines from Old Harbor, Block Island (22 June 2017).

Figure 7. WTG 3 as seen from the Southeast Lighthouse at night (22 June 2017; 9:15 pm).
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The area experienced heavy fog on 19 and 20 of Junea2@linder foggy conditions tigrbines and
its lightswere not visible from appximatelyXX km (3 mi) away(Figure 8). Figure 9 shows a

photograph taken in the early morning of 22 June 2017 prior to the haze burning off from the water area.
Conditions on Block Island were clear at this time.

Figure 8. WTGs are not visible from Block Island because of heavy fog on 20 June 2017.

Figure 9. WTG 5 barely visible from Block Island because of haze on 22 June 2017.
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2.1.2 Point Judith

The WTG coordinates and their distance from Point Jutlithelineareshownin Table 3. Observations
were recorded from the CanCronin Fishing Areawhich is situated to the west of Point Judith
Lighthouse, approximately 2.82 km (1.75 mi) from the Block Island ferry terminal. The turbines are
located approximatel26.32km (16.35mi) offshore Coordinates of the monitoring statiovere:
41°21'43.8"N 71°29'09.3"WDuring the day, this aramasnot congested with visitorand at night it was
characterized by low ambient lighting.

Table 3. WTG coordinates and distance from Point Judith.

Latit Longit . .

e (Deepwataer \lj\?iﬁd 2016) (Deepwzf\)teiJ Wui(:]% 2016) DITEEE i) [ JUCHIT
1 4107 . 5466 N 71030. 4516 | 26.32km (16.35 miles)
2 4107 . 1936 N 71030. 8376 | 27.01km (16.78 miles)
3 4106 . 88306 N 71031. 270606 27.64 km (17.17 miles)
4 4106 . 6096 N 71031. 74456 28.22 km (17.54 miles)
5 4106 . 3806 N 71032 . 2586 \ 2874km (17.86 miles)

On a clear dayboth Block Island and the turbines were visible from the monitoring station with the
naked eye during the day and at nidgfigures 10and11 depict the turbines as seen from the Point Judith
monitoring station on a clear dé32 June 2017)

Figure 12 shows a nighttime view frofRoint Judithon 21June 20174l five 5 WTGsarevisible along
with lights on Block IslandThe turbines are notsible from Point Judith under foggy conditions as
shown inFigure 13.

2.1.3 Brenton State Park

The WTG coordinates and their distance from Brenton State Park are liStolé. The parkis
located near the southwestern tip of Aquidneck Island in the tonewport, Rhode Islandt hasan
unobstructed view of Block Islandnd the turbines are located approximat@y& km (23.79 mi)
offshore. The coordinates of the monitoring station w&te27.014N 71 21.200W.

Table 4. WTG coordinates and distance from Brenton State Park.

WTG Latitud_e Longitu_de Distance from Brenton
(Deepwater Wind 2016) (Deepwater Wind 2016) State Park

1 4107 . 5466 N 71030. 4516 | 38.28km (23.79 miles)

2 4107 . 1936 N 71030. 83706 | 39.08km (24.28 miles)

3 4106 . 883 6 N 71031 . 2706 | 39.83km (24.75 miles)

4 4106 . 6096 N 71031 . 7446 40.54 km (25.19 miles)

5 4106 . 38006 N 71032 . 25806 \ 41.20km (25.60 miles)

During daytimeBlock Island is barely visibl&om the park and the turbines cannot be seen with the
naked eyeKigure 14). On a cleanight, however, th&V/TG lightscan be seen from the pafkigure 15).
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Figure 10. Block Island and the turbines as seen from the Point Judith monitoring station under
clear conditions on 22 June 2017.

= Y

Figure 11. The five turbines as seen from the Point Judith monitoring station under clear
conditions on 22 June 2017.
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Figure 12. Nighttime view from Point Judith on 21 June 2017; all five WTGs visible along with
lights on Block Island.

Figure 13. Turbines not visible from Point Judith under foggy conditions on 20 June 2017.
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Figure 14. Turbines not visible from Brenton State Park during the day even under clear
conditions.

Figure 15. Lights on all five turbines are visible from Brenton State Park on a clear night.
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2.1.4 Night-time Offshore Monitoring

Structures that protrude into the sky, dependimgheir height, can create safety hazards for aircraft that
must navigate around thedny structure thais taller than 61 m200 t) above ground levé$ subject to
Federal Aviation Administration lighting requirements. The BIWF turbare 180 m (60®) tall and are
therefore equipped with lights on the top so they can be clearly seen from a distangeoor weather
related light conditions such as fog and mist and at night Titme purpose of the nighiime offshore
monitoring was to determirt@ow far offshore the turbinkghts were visiblawith the naked eye.

Offshore nighitime observations were recorded using a local charted fishing vessel on the night of 22
October 2017. The vessel departed Block IskErtiPM ona 210 heading underlearskies Still
photagraphs of the turbineseretaken at periodic intervals as the vessel sailed away from the turbines
usinga Canon 5D EOS with a 100 to 400 mm le@bservations were recordadtil the vessel was
approximately 44.3 knf27.5mi) away at which point the turbine lights could not be seen under clear
skieseven with the use of binoculaiBhe furthest point from theirbines that the lights were visible with
the naked eye was 4%km (268 mi).

Figure 16is a photograph taken appmmately 24.1 km 15 mi) from theturbines. The photograph in
Figure 17 wastaken at approximately 42.8 km (26.6 mi) avjast before the observer lost sight of the
lights.

Figure 16. All five turbines lights are visible on a clear night from approximately 24.1 km (15 mi)
offshore.
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Figure 17. Turbine lights from 42.8 km (26.6 mi) away just before the observer lost sight of them.

2.2 Discussion and Conclusions

The operating turbines were observed from various onshore and offshore lodatingslaytime,
nighttime, and vanusweather conditions. Key conclusions are as follows:

l
l

During daytime and under clear weather conditions, the turbines are noticeably visible from the
Southeast Lighthouse shoreline on Block Islaaqgp(oximatelyt.6 km[2.83 mj away)

During daytime andinder foggy conditions, the turbines and its lights cannot be seen from
approximately 4.6 km (2.83 miway.

From the Point Judith shoreline, on a clear day, both Block Island and the turbines are visible
with the naked eye during the day and at night.

Neither the island nor the turbines are visible from Point Judith under foggy conditions

During daytime, Block Island is barely visible from Brenton State Park, which is located
approximately38.28 km (23.79 mifrom the turbines and the turbines canr@sben with the
naked eye.

On a clear night, however, the turbine lights are visible from Brenton State Park.

Offshore, at nighttime and under clear skibe turbine lights are visible with the naked eye up to
43.05 km (26.75 mi). The lights cannot bers@ven with binoculars on a clear night at an
offshore distance of 44.3 km (27.5 mi).

Overall,day-time visibility of the turbines from land and water is strongly dependent upon weather
conditions and distance. At nigliie turbine lights can be seenauglear night from as far away 42.8
km (26.6 mi)
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3 Airborne Noise Monitoring

The construction and operation of an offshore wind farm will necessarily generate noise from sources
such as transportation of construction equipment and materials, operation of construction equipment
including pile driving, and operation of the assembl&td turbinesBecausel) the purpose of the

RODEO Program is to make direct, riahe measurements of the nature, intensity, and duration of
potential stressors during the construction and operations of offshore wind faaildi€$ loth airborne
noiseand underwater sound could potentially be major stresmordaborate airborne noise and

underwater sound monitoring program was undertaken during the construction and operational phases of
the BIWF. The objective of the program was to collect-tiea¢ data that would be used to improve

model predictions of likely impacts associated with future offshore wind facilities.

Methods, results, and conclusions from airborne noise monitoring conducted dugongstrection

phasewere previously reported (HD®018). Methods, results, and conclusions from airborne noise
monitoring conducted during the installation of the tower sections on the WTG foundations are presented
in anaccompanyinglocumerit Methods, results, and conclusions from airborne noise magtor

conducted during wind turbir@perationsare presented in this section.

Continuous mborne noise monitoring was conducggénonshordocationovera threemonthperiod(8
February to 28 May 2017 record noise levels emanating from the turloiperationsA Svantek 979
sound level meteconnected to an external power supplgs installed athe top of the Southeast
Lighthouse with the microphone extendirigm (3.3ft) from the side of a lighthouse window, with full
view of the ocean to the st (Figure 18).

Figure 18. View of the Southeast Lighthouse with microphone protruding from the right of the
lighthouse, above the roof line of the building behind the lighthouse. [Right] View of microphone
from the lighthouse window.

% Field Observations During Wind Turbine Installation at the Block Island Wind Farm, Rhode Island, OCS BOEM
2019027 (HDR 2019a).
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In addition,offshorenoiseairbornelevel monitoringalsowas conducted during the operational phase

using a Svantek 97®und levelmetear n st al | ed on a RA/Rooster The mieapisoeel , t he
waslocatedapproximately 2 m (6.6 fAbove sea level with the vesseffiilng past the turbine with the

wind, andwith the engines shut down on the vesBasurements were taken continuously along the

passing transect, with the closest point to the turbine between 50 and(160 and328 ft) from the

turbine tower, but werobserved up to 750 (8,460.6 ft)and beyond.

Results and key findings from the monitoring are summarized b&lbwoise measurements are
reported as decibe{dB) relative to20 micropascalg(uP3d. Additional details are presentedAppendix
C.

3.1 Onshore Airborne Noise Monitoring Results

Data from the 14veek survey indicated that airborne noise from turbine operations was inaudible at the
monitoring locatioron Block IslandA representative dataset from the onshore monitoring is shown in
Figure 19, which illustrates data from monitoring conducted in Maanld April2017. Wnd conditions

are shown at thiop of the figure forcomparison. The horizontal red bar in the wind conditions chart
identifies the southeast compass point. The red boxes shoim#dswhen the monitoring location was
downwind of the BIWF, i.ewhere the red dots coincide with the red bar.

frequency. M

Figure 19. Noise measurement summary at the Southeast Lighthouse, 6 to 13, March 2017. Top
chart: wind speed (blue line) and wind direction (red dots). Transparent red bar shows south-east
orientation. 2" chart: dB LAFmax® noise level time history. 3" chart: dB LAFeq (10 minute
average) noise level time history. Bottom chart: LAeq® spectrogram showing frequencies between
10 Hz and 10 kHz.

* Approximately the quietest sound a human can bedand.
® LAFmax = A-weighted, fast response, maximum, sound level, note: maximum is not peak

¢ LAeq = A-weighted, equivalent sound level
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In Figure 19, the continuous high noise levels observe@dMarch extending int@8 March are caused
by the foghorn warning system near to the lighthouse. This also appears on the night of 1 Agpldlgbut i
in theloud background noise, caused by high winds.

There are a number of lel@vel tonal noises visible across the spectrogthese can be seen as faint

horizontal lines primarily starting from just under 16rtz Hz) to just under D00 Hz, wich do not

coincide with the foghorn. These tend to coincide with times when the wind is blowing towards the

BIWF. These would need to be loud to propagate frontutiénesagainst the wind, and thus there is

neither evidence nandication that the noisie related to théurbinesin any way It may be caused by

wind 6whistlingbé around structures near the | ight

The period of latanight 30 March through the middle of the day drpril provides the most useful data,

as it shows an increasing wind sgdewith a continuous southeasterly direction. The low wind speed at the
start of the period is reflected in the low noise levels. Increasing wind leads to increasing broadband noise
levels as would be expected where produced by vegetationwimg.in the trees and bushes). Any

potential tonal noise or hum that could be indicative of the operational WTGs is masked by the ambient
noise at the time.

There are some isolated and intermittent features that can b seerfigureat 2to 3 kilohertz kHz),
e.g, in the morning o8B0 March and in the morning and evening2April. Although distinct, these
generally occur at upwind times and so are unlikely to be linked torthiees

3.2 Offshore Airborne Noise Monitoring Results

The following two sets of msarements were taken from the survey vessel in the immediate vicinity of
the turbines:

f 19O0ctober 2017, 13:604:00. Wind NEapproximately8 to 9 meters/second/s), dry, blade
speedapproximatelyll revolutions per minuterm).

3 October 2018. 13:4%4:35. Wind SWapproximatel\3 to 4 m/s, dry, blade speed
approximatelyé rpm.

The wind speed during measurements was strong enough to turn the blades at approximately 6 rpm. The
wind was not high enough to cause significant wave breaking, although somileutiamt from

background noise caused by waves against the side of the vessel could not be avoided. Initial analysis of
the noise measurements proved challenging; although perceptible to a human observer, the noise was
difficult to identify around the bagkound noise using standard analysis of overalvgdghted) or 1/3

octave band frequency analysis, even at distances less than(886 ft) from the tower.

The audible noise could be broken down into two components: continuous noise, or hum, fronthe WT
internal machineyand t he regul ar 6swishd from bl ades as th
indirect contribution from wind passing around the tower or blades.

High resolution (narrovband frequency) analysis of measurements on both days ptoviaie
informationandshowed a lowevel tonal contribution between 70 and 80 Hz on both sampling days in
2017 and 2018. Another band at 2 kHz was audible and visible in narrowband anaB/Sistober 2018
only.

On 19 Cctober 2017, a noise level from 63 to 67 dB LAFeq was measured during blade swishes at
approximately 50 nG164 ft), drifting downwind and away from the turbine tower WhGquivalent to

65 dB LAeq,1m. Longer term sampling was not possible as the vessallaxged to drift to minimize

background noise. Although this was the cleanest measurement taken, with the minimum of
contaminat inon sferboripdsenlafri | y wave sl ap on the vess
only be an indicative guide aiitds not recommended to be used in any formal assessment due to the
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many contributing factors, primarily the variable distance and significant contribution from natural
sources.

An illustrative sample is shown iRigure 20. Fluctuating wind noise as itdws around the tower and
blade structure causes increases betwd#03&nd 4000 Hz. Blade passes (swish) can be seen as mid
frequency vertical bars approximateyerysecongthis may imply a airbornewater noise path
contribution to the noise fromehwind turbine Any noise directly generated by thebinemachinery
appears to be limited to frequencies below 50 Hz, with most noise produced by the movement of air.

0 5 10 1% 2 25 30 35 40 45 50
Mo i i . f M i

A " A " A il i A

10000~
mo:
mu. "
4000
3000
2000

180,
1302+
1000-
890-

.
- -~ £l

20

Figure 20. Spectrogram showing narrow-band analysis of offshore noise measurement, 19
October 2017, at approximately 50 m downwind of BIWF WTG 5 to show characteristics.
Horizontal axis: Time (seconds); Vertical axis: Frequency (Hz).

3.3 Discussion and Conclusions

Airborne noise from turbine operatiomssnot detecte@ttheonshoremonitoring statbnon Block
Islandat any timeduring the 14veeks of monitoringandnoise levels in the vicinity of the turbinegre
low. Noise levels were sampled 65 dB LAeq,1m at 5064 ft)from the turbine towemlnd even this
level of noise appeadto besignificantly influenced by natural ambient noise. In isolattbeairborne
noise from turbine operations would be less than the 65 dB LAeq,1m

The lack of airborne noise detectadyalso be due in part to the fact thdienthe turbines are operating
at high outputs, the background noise levalso increasenshore due to movement of vegetatidie
overall conclusion from the operational phase airborne noise nmitoring is that as part of a risk
mitigation plan this type of monitoring could be bypassed fofuture facilities.
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4 Underwater Sound Monitoring

Numerous studies have been conducted in Europe to investigate underwater sound associated with wind
turbine operations (Westerbet§94 Degn200Q Lindell 2003 Nedwell et al2004 Thomsen et aR006

Nedwell et al2007, Nedwell et al2011ab). In general, the sound associated with wind turbine

operations has been described as continuous in nature, and characterized by one or more tonal
components typically at frequencies below 1,000 Hz (C¥9) Betke et al2004 Madsen et al2006

Wahlberg and WesterbeB§05 Tougaard et al. 200%igray and Andersson 2011).

Theconsensuss that thesoundfrom theoperating turbines originates from the rotation of the wind
powered components, which causes medatal vibrations in the nacelle that are transmitted down to the
turbine foundation and into the surrounding water column and seabed. The correlation of mechanical
vibrations of the turbine tower with sound pressure and particle motion measurementsgatethe

column has been reported by several studies including Lindell (2003) and Sigray and Andersson (2011)
and has been corroborated through model simulations (Marmo et al. 2013).

The relationship between wind speed induced rotation of the turbine centp@md the radiated
underwater noise characteristics during particular wind conditions has also been investigated by several
researchers (Lindell, 2003; Betke, 2004; Tougaard et al., 2009; Sigray and Andersson, 2011).

Similar to all European offshoreimd turbines, he BIWF turbine operationalsowere expected to
produce some level of underwater sound Waild radiate into the surrounding water column and
adjacent seabetinderwater sound monitoring wisereforeconducted within the project area to gather
data forcharacterizing sounkvels, frequency content, and temporal propertizata were alsoompared
to the updated 201 mporary ad the permanent threshold (TTS and PTS) shift onset criteria
recommendedybthe National Marine Fisheries Service Marine Mammal Guidance (2018).

Different types of acoustic sensors and recorders were deployed at strategic onshore, offshore, and
underwater locations within the BIWF Project Area to re¢bedntensity and duratio of sounds

produced during turbine construction and operatiomeal time Methods, results, and conclusions from
underwater sound monitoring conducted duringcihhestruction phasevere previously reported (Elliot

et al 2016, HDR 208). Methods, redts, and conclusions from underwater sound monitoring conducted
during wind turbineoperationsare presented in this section.

Monitoring was conducted at different depths and ranges, for varying durations, and at different times of
the year to gather dater evaluation of spatial, temporal, and seasonal differehlrdike the

construction phase monitoring during which sensors could only be placed outdill§ ti@mast Guard
established57.2 neters(1,500 &4 or 500 yards) safety zone around each fotiodaite during the

operational phase acoustic measurements were recorded 50 to 100 meters (164 to 328.1 feet) and beyond
from selected turbine foundationEhe acoustic data were analyzedgound pressurevel, frequency

content, temporal propertiesnd where appropriatmpulsiveness. Concurrent oceanographic and

geologic conditions were also measured during the monitoring and incorporated into the data analyses and
conclusions.

4.1 Survey Methods

Acoustic and seismic signals were measured and recdcotgdywinter (20 December 2016 to 7 January
2017 andlate summe(2 October to 3 November 20)lGonditions In addition, extended underwater
acoustic monitoring was also conducted over 100 days during summerlB0duy to 24 October 2017
Thefollowing types of monitoring systems were deplayed

f  An eightelementhydrophone horizontal line array (HLA), aadour-element hydrophone
vertical line arrayVLA) for measurement dévels of soundjenerated byhe wind turbines.
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These stationary arrayere used to measure and record sound levels in the water column at
specified distances from the turbines.

A stationarygeoslecequipped withl) four sound pressure hydrophone tetrahedral array
arrangemenfior measurement of acoustic pressure and estmaf paticle velocity near the
seabedand?2) athreeaxis geophone with a low sensitivity sound pressure hydrophone for
measurement of sediment motion acdustic pressure on the seabBae geosled configuration
was configured toneasure both the daad and water column signals in close proximiltyis

data was used to assess and predict potential impacts of the measured sound levels on pelagic and
demersafish.

A threeelement ennidirectional microphone array with four recordimssimultaneous
meaurements of sound at the air/sea boundary to gather data to improve understanding of the
air/sea acoustic interaction.

A towedsevenrelement hydrophone array coupled with a Lubell sound sotihig assembly

was used to colleetcoustic transmission dataed to validtea threedimensional sound
propagation model established for the BIWF afidee results from the-8imensionaimodeling

are presented ianaccompanyinglocumernt

A stationary hydrophonthat was deployed on the sled placed on the sdabedtended

underwater acoustic monitoring

All moorings weredeployedand recovexdfrom theWoods Hole Oceanographic Institution (WHOI)
vessel R/VTioga(Figure 21). This vesseis equipped with amn-board GPS trackingystem sea surface
sensors and ealibratedconductivity, temperature, andepth (CTD) sensor

Figure 21. WHOI Research Vessel R/V Tioga.

Deployment dates, locations, and water depths for egdndingsystemdeployed during the monitoring
are praented infable 5. Figure 22is a schematic that shows the relative positions of the vasensors

"Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode, [81&%IStudy
BOEM 2019029 (HDR 2019c).
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Table 5. BIWF Operational Phase Underwater Acoustic Monitoring Summary.
Deployment
Season/ Dates
Short-term Seasonal Monitoring
Vertical Line Array®

Principal Deployment Latitude (N)/

SyEiEms DEp eyEe Investigator Locations Longitude (W)

WHOI ~7.5 Km (4.7 mi) 41 06.38118

Winter 2016 (VLA) from WTG 5 71 24.30420
inter . . .
(20 December 2016 Horizontal Line Array WHOI 15 Km (31.6mi) 41 00.7514
t0 7 January 2017 (HLA) from WTG 5 71 24.2037
Geosled URI ~100 m (328 ft) 41 06.38298
from WTG 5 71 32.27400
~100 m (328 ft) 41 07.5968
Late s ro17 4-element VLA WHOI from WTG 1 71 30.4749
ate Summer
(2 October to 3 8-element HLA WHOI 120 m (394 i) 4106.4454
November 2017) from WTG 5 7132.2319
~100 m (328 ft) 41 06.3921
Geosled #917/910 URI from WTG 5 71323147
3-element
Omnidirectional 41 07.5438
2 October 2017 microphone array with WHOI WTG 1 71 30.4536
four recorders
Extended Summer Monitoring
Summer 2017 .
Single Hydrophone 41 06.3515
(15 July to 24 Monitoring System Subacoustech WTG 5 71321730

October 2017

® The VLA wasaccidentally dislodged from its mooring by a fishing vesséfiway thre deploymenperiod
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Water Depth
(m)

26
40
23
28.6
26

23

NA

30

Remarks

Concurrent sampling in air

and water to generate data

for interpretation of air/sea
interaction



Summary of instrumentation

(1) Geophysical sled with tetrahedron of
hydrophones and 3-axis geophone

@ Vessel with microphone array

Vertical arrays of 4 hydrophones

(4) Vessel with towed array and source

sediment ~ ~50m 100m

7.5 km

Figure 22. Schematic showing relative placement of the various monitoring sensors for measurement of acoustic and seismic signals
during offshore WTG operations (nominal ranges).
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4.2 Winter 2016 Monitoring Results

During 2016 winter, theBIWF Project Area waischaracterized by strong winds and multiple storms,
whichresulted in avell-mixed water column with constant temperaturear WTG5 (Figures23and
24). Farther éfshore @pproximately7.5 km[4.7 mi]), the water colummwasapproximately 2legrees
warmer compared to WT& thiswould influence the speed of sound in the water colufigufe 25).
Wave height measurements obtained fromNthgonal Oceanic Atmospheric Administratibiational

Data Buoy Center indicated an axge wave height opproximately2 m(6.5ft) recorded by a buoy
close to Block IslandRigure 26).

CTD1 Temperature BIWF Dec 21, 2016
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Figure 23. CTD temperature profile at WTG 5 showing a well-mixed water column.

CTD1 SVP BIWF Dec 21, 2016
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Figure 24. Sound speed from December 21 CTD cast showing an isovelocity profile at WTG 5.
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CTD2 Temperature BIWF Dec 21, 2016
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Figure 25. CTD Profile at 7.5 km offshore (2 degrees warmer than at WTG 5).

Figure 26. Wave height in meters from mean low tide from a National Data Buoy Center buoy near
Block Island indicating a stormy 2016 winter season.
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